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TEE ELIMINATION OF DEAD CENTER IN THE CONTROLS
OF AIRPLAKES WITH THICK SECTIONS,

By Thomas Carroll,
Langley Memorial Aeronautical Laboratory,

In seversl instances where control flaﬁs are placed in the
trﬁi;ing edges of thick sections, it has sppeared that a dead
center is existent about the neutral position, This was first
noticed in the summer of 1931 during the stability testing of a
JN4n airplane with a special thick sectioned horizontal stabil-
izer. In this case the elevators, which were designed so that
thelir contours formed & continuation of +the normal airfoil con-
tour of the stabilizer, were found to be noticeably dead for &
considerable travel on either side of the neutral position. Reme-
dial measures were oprevented by the lozs of the smpennage in the
fire which destroyed the hangars in whish they were stored at
Langley Field. Another instance has been found in the rudder of
the new Army airship (blimp) now being flown &t Langley Field.

_ This condition has also been experienced in the rudder 8.0~
tion of the XBlA observation airplane. With ths rudder near the
neutral position, a noticeable dead center or lack of éontrol is
apparent to the pilot ot all cruising speeds. Taie giveslthe

impressioﬁ of extremely‘slack controls, as the pressure reaction

on the foot bar is negligible, An impairment of the efficiency
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of the comitroli is apparent, the centrol baing mo—Ted ihrough a cou-
giderable angle without directional change.

Examination of smoke plctures of the airf;ow around struts
and airfoils indicates that the cause of the phenomenon may be as
shown in Figure 2. The streamline alrflow sbout the thick fin
does not follow the surface of the rudder, and conseguently the
Tudder can be moved between the boundaries of the intervening
turbulent zone without developing an aerodynamic force.

In order to alleviate this condition, a modification of the
present rudder was designed and built for the XBlA at the Langley
Field Jaboratory of the National Advisory Committee for Aeronautios,
which modified rudder was intended to remedy the condition by thick-
ening the section sufficiently %o fill in the zone of turbulent
flow and thus eliminate the dead center, The new rudder is illus--
trated in plan form by Figure 1.

This new ruddsr was installed and the airpiane flown by ﬁhrea
pilots who were familiar with the performance of the standard equi--
ment, Each of these pilots report that the rudder action is bene-
fitted to the sxtent that the slackness or dead center is sliminat-
ed and the lag in the action with regard to directional change is
very decidedly reduced.

It would be very interesting to carry on experiments along this
line to determine the exasct thiocknesses and shapes which are most
effiocient, and to make careful measurements of the efficiencles,

but the thing of paramount interest is that the praocticability of
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the methol has been demonsirated in flight on a service tvype alzr-
plans.

The. usility of the modifiocatiom is obvious; as internally
braced thick wings and empennages are becoming more prevalent, the
efficiency of the control surfaces in conjunoction with thick sec--
tions must be increased, if the control characteristics are to re

as satisfactory as with the older thin sections.
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Tig. 2 Wisw about new rudder



